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Introduction:  The  treatment  of  severe  slipped  capital  femoral  epiphysis  (SCFE)  remains  controversial.
Despite  numerous  treatments  being  available,  the  outcome  of published  studies  has  been  variable.  Recent
studies emphasize  that  poor  reduction  of  the  severe  SCFE  is  responsible  for  the  appearance  of  joint
cartilage  lesions  and  progression  towards  early  osteoarthritis.  But surgical  reduction  of severe  SCFE  also
results in  a  signiﬁcant  rate  of  necrosis.
Objective:  Evaluate  the results  of  various  treatment  strategies  for severe  SCFE  and  identify  the  optimal
course  of action.
Material and methods:  This  was  a French  multicenter  retrospective  study  of  severe  SCFE  cases  (>  45◦
displacement)  evaluated  a minimum  of 12  months  after  treatment.  The  stability  of the  slipped  epiphysis,
type  of  the  treatment,  delay  before  treatment,  early  and  short-term  complications,  Harris  and  WOMAC
functional  scores  and  radiological  signs  of femoroacetabular  impingement  (FAI)  at the last  review  were
evaluated.  A  total  of  186  cases  of  severe  SCFE  in  182  patients  were  included.  One hundred  and  seven
(58.7%) of  these  were  male.  The  average  age  was  13 years.  The  average  follow-up  was  23  months.  The
average  displacement  was  60◦. The  SCFE  was  considered  stable  in 94  cases  (50.5%)  and  unstable  in 92
cases  (49.5%).  The  main  surgical  treatments  used  by  the  various  centers  were  in  situ  ﬁxation  (ISF),  lateral
Dunn,  anterior  Dunn  and  reduction  using  traction  or  under  anesthesia  (for  unstable  forms).
Results:  In  the  stable  SCFE  cases,  there  were  6 cases  of necrosis  (6.4%),  all of  which  occurred  after  reduction
by  osteotomy;  there  were  32  cases  of radiological  FAI  (34%),  30  of  which  occurred  after  ISF. The  necrosis
rate  in  the  unstable  SCFE  cases  was 21.7%:  one  (11%)  after  ISF,  seven  (19%)  after  anterior  Dunn,  eight
(21%)  after  preoperative  reduction  and  three  (43%)  after  lateral  Dunn.
Conclusions:  The  results  of  this  study  conﬁrm  the  diverse  nature  of  SCFE  treatments  available  and  the
variability  of  their  results.  When  selecting  a  treatment  for  severe  SCFE,  the  goal  is  to stop  the  slip  and
also  to prevent  osteoarthritis  by  correcting  the hip  deformities.  The  “anterior”  Dunn  procedure  was  able
to achieve  these  two  goals,  while  having  a  lower  complication  rate than  the  other  reduction  techniques.
Level  of evidence:  IV.
© 2015  Elsevier  Masson  SAS.  All  rights  reserved.. IntroductionSlipped capital femoral epiphysis (SCFE) corresponds to slipping
f the epiphysis relative to the neck through the growth plate. This
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877-0568/© 2015 Elsevier Masson SAS. All rights reserved.is the most common hip condition in adolescents, with an estimated
incidence of 1 per 10,000 children in the West [1–3].
Although in situ ﬁxation (ISF) is the generally accepted treat-
ment for minor SCFE, the treatment of more severe SCFE cases
remains controversial [1]. Although remodeling is possible, cases
of severe SCFE that are ﬁxed in situ often quickly progress towards
labrum lesions and osteoarthritis, which occurs even more quickly
when large residual deformities exist [4–6]. The objectives of this
study were to report on the various treatment methods used within
the SoFOP (French Society of Pediatric Orthopedics) and then to
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nalyze the complications associated with these methods to deﬁne
 decision tree for the optimal course of action.
. Materials and methods
This was a French multicenter retrospective study of severe
CFE cases with more than 45◦ displacement (Southwick method
7]) treated between January 2010 and June 2013. Secondary SCFE
ases and patients who had previously been operated in the proxi-
al  femur were excluded. The minimum follow-up was 1 year; this
ade it possible to determine the occurrence of complications and,
n particular, detect occurrences of delayed osteonecrosis.
All the patient records were evaluated at the participating cen-
ers by one of the three co-authors. The demographics, nature of
he treatment, and time between admission and treatment were
ecorded. The SCFE cases were labelled as stable or unstable based
n Loder’s criteria [8]; the complication rates were compared
etween these two subgroups and to those reported in published
tudies. When MRI  was performed, the preoperative epiphyseal
erfusion in unstable forms of SCFE was recorded. All the initial
adiographs, immediate postoperative radiographs and those at the
ast follow-up were then analyzed by the three authors together.
he radiographs from the last follow-up visit were reviewed for
igns of femoroacetabular impingement (FAI) [9–11]. The func-
ional outcomes were evaluated using the Harris Hip Score [12]
nd the WOMAC  score [13].
Comparisons between the different surgical techniques and
he differences between the pre- and postoperative radiological
arameters were made using paired t-tests; a P-value below 0.05
as considered signiﬁcant. The statistical analysis was  carried out
sing Excel (Microsoft, Redmond, WA,  USA).
.1. Patient demographics
Twenty-ﬁve health care facilities (with 22 of them being univer-
ity hospitals) participated in the study and contributed 186 cases
f severe SCFE (182 patients). One hundred seven (58.7%) of them
ere male; the sex ratio was 1.36. The average age at the time of
he diagnosis was 13 years (range: 8.5–17) (Fig. 1).
able 1
ype of treatments used in this multicenter study.
N ISF, n (%) Preoperative
reduction, n (%)
Anter
n (%)
Stable severe SCFE 94 37 (39.4) 9 (9.6) 36 (38
Unstable severe SCFE 92 9 (9.8) 38 (41.3) 36 (39
: number; ISF: in situ ﬁxation. capital femoral epiphysis, the average age was 13 years.
The average weight was 61 kg (range: 25–110) and the average
body mass index was 24.8 (range: 15–37). In 138 patients (76%),
the SCFE was unilateral and considered severe; the right leg was
affected in 63 patients and the left in 75 patients. The SCFE was
bilateral in 44 patients (24%); 4 of them had severe SCFE in both
legs and the 40 others had severe epiphyseal displacement in only
one leg (right in 16 cases, left in 24).
The average displacement was 60◦ (range: 45–100◦). Based
on Loder’s classiﬁcation, 94 cases (50.5%) were stable and 92
(49.5%) were unstable. The average follow-up was 23 months
(range 12–42).
2.2. Treatment methods
Various treatment methods had been used (Table 1):
• in situ ﬁxation with screws or K-wires [14];
• preoperative reduction using progressive traction and/or under
general anesthesia followed by ﬁxation [14];
• surgical reduction:
◦ according to Dunn’s original technique [15,16], which we
labelled “lateral” Dunn,
◦ with hip dislocation according to the technique described by
Leunig, Slongo and Ganz [17,18], which we labelled “modiﬁed”
Dunn,
◦ with femoral neck osteotomy below the growth plate,
◦ with trans-growth plate osteotomy and femoral neck shorten-
ing through an anterior approach according to the modiﬁed
Compère technique [14,19,20], which we labelled “anterior”
Dunn.
2.3. Stable SCFE
There were 94 cases of stable severe SCFE. The average dis-
placement was 57◦ (range: 45–90◦). The treatments carried out
on these cases are shown in Table 1. The average procedure time
was 2 hours 44 min  (± 60 min) for osteotomy procedures and 1 hour
13 min  (± 60 min) for in situ ﬁxation. Weight bearing was allowed
ior Dunn, Lateral Dunn, n
(%)
Modiﬁed Dunn,
n (%)
Femoral neck
osteotomy, n (%)
.3) 8 (8.5) 1 (1.1) 3 (3.1)
.1) 7 (7.6) 0 (0) 2 (2.2)
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Table  2
Necrosis rate as a function of treatment used in cases of stable and unstable severe slipped capital femoral epiphysis (SCFE).
In situ ﬁxation,
n (%)
Preoperative
reduction, n (%)
Anterior Dunn,
n (%)
Lateral Dunn, n
(%)
Modiﬁed Dunn Femoral neck
osteotomy, n (%)
(5.5) 8 (25) 1 (100) 3 (33.3)
(19) 9 (43) – 2 (50)
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Table 4
Necrosis rate as a function of treatment used for cases of normally perfused, unstable
severe slipped capital femoral epiphysis (SCFE).
ISF, n = 1 Anterior Dunn,
n = 27
Preoperative
reduction, n = 6
Lateral Dunn,
n = 3
dures among SoFOP members, which are fairly heavily represented
in this study (71% of the university hospitals in France).Stable severe SCFE 37 (0) 9 (22) 36 
Unstable severe SCFE 9 (11) 38 (21.7) 36 
n average of 76 days (range: 30–120) after an osteotomy proce-
ure and 30 days (range: 1–90) after in situ ﬁxation.
.4. Unstable SCFE
There were 92 cases of unstable severe SCFE. The average
isplacement was 61◦ (range: 45–100◦). Preoperative epiphyseal
erfusion had been evaluated by MRI  in all 92 cases (50%). The epi-
hysis was normally perfused in 76 cases (82.6%) and not perfused
n 16 cases (17.4%). The treatments carried out are listed in Table 1.
ive hips (5.5%) had been operated on within 6 hours of admission,
0 (11%) between 6 and 24 hours, and 77 (84%) after 24 hours.
. Results
.1. Stable SCFE
The average angle of cases treated by all types of osteotomy
rocedures went from 60◦ before the surgery (range: 45–90◦) to 9◦
fter (range: 0–35◦). The displacement at the last follow-up of cases
reated by ISF was 58◦ (range: 45–85◦). Early surgical revision was
erformed in seven cases (7.4%) because of inappropriate screw
ength or insufﬁcient ﬁxation resulting in secondary displacement.
he recovery period was marked by chondrolysis in three cases
3.2%): one had been treated by anterior Dunn, one by ISF and one
y preoperative reduction.
The overall rate of necrosis at the last follow-up was 6.4%. The
ecrosis rate as a function of treatment type is listed in Table 2.
adiological signs of FAI at the last follow-up were found in 32
ases (34%), 30 of these after ISF and 2 after partial preoperative
eduction. Functional scores were available in 53 of the stable cases
56%). The WOMAC  score was signiﬁcantly better in the osteotomy
roup than the ISF group (Table 3).
.2. Unstable SCFE
The initial displacement (all treatments together) was  reduced
0.4% (average initial angle: 61◦, average postoperative angle: 18◦).
he rate of early complications was 5.4%; there were two  cases
f secondary displacement, one of an overly long screw and two
f insufﬁcient ﬁxation with secondary displacement. At the last
ollow-up, two hips (2.2%) had chondrolysis.
The necrosis rate as a function of treatment type is listed in
able 2. The amount of displacement reduction was not signif-
cantly different between cases of severe SCFE that developed
ecrosis and the overall series. All the cases of necrosis occurred in
atients who had been operated more than 24 hours after admis-
ion. The necrosis rate was 75% in the cases where the epiphysis was
ot perfused in the preoperative evaluation and 15.7% in the cases
able 3
unctional scores in the stable severe slipped capital femoral epiphysis (SCFE) cases
t  the last follow-up.
Osteotomy (n = 27) ISF (n = 21) P-value
WOMAC 3.8 10 0.009
Harris Hip Score 92.5 86 ns
SF: in situ ﬁxation.0 (0%) 3 (11.1%) 2(33.3%) 1 (33.3%)
ISF: in situ ﬁxation; n: number of procedures.
where it was  perfused normally. The necrosis rate as a function of
the treatment type is listed in Table 4.
Twenty hips (21.7%) had radiological signs of FAI: 6 after ISF, 10
after preoperative reduction, 3 after lateral Dunn and 1 after ante-
rior Dunn (insufﬁcient reduction). Functional scores were available
in 52 of the unstable cases (56%). The scores were better in the
cases treated by osteotomy than in those treated with preopera-
tive reduction, but this difference was not statistically signiﬁcant
(Table 5).
4. Discussion
The natural history of SCFE reveals a close relationship between
residual deformity of the proximal femur and the occurrence of
early osteoarthritis [3,5,6]. In situ ﬁxation, which has long been con-
sidered the gold standard treatment, stops the slip and has a low
complication rate. Recent published studies have deﬁned the idea of
FAI and speciﬁed its risk of osteoarthritis, leading to renewed inter-
est in reduction techniques [1,3,9,17,18,21]. Unfortunately, many
studies have a small sample size, heterogeneous classiﬁcation sys-
tems and very controversial results [1–3,9,17,18,22–27].
Together, these observations bring the decision to treat severe
SCFE with in situ ﬁxation or with anatomical reduction into the
forefront. This decision must not be made based only on the short-
term complication rate, namely the occurrence of necrosis [1].
Millis emphasizes the falsely reassuring nature of ISF for severe
SCFE, which is only rarely the ﬁnal treatment and only serves to
delay addressing the problem [1].
4.1. Stable severe SCFE
In the current study, ISF was  used in 37 cases (39.5%), but reduc-
tion was carried out in 57 cases (60.5%). This can be explained in
part by the inﬂuence of recently published studies and in part by
some dissatisfaction about the long-term outcomes of ISF proce-Reductions carried out through the anterior Dunn procedure
led to better results than the other techniques. The necrosis rate
Table 5
Functional scores for cases of unstable severe slipped capital femoral epiphysis
(SCFE) at the last follow-up.
Osteotomy
(n = 25)
Reduction
preoperative (n = 21)
ISF (n = 5) P
WOMAC  3.4 5.9 12 Ns
Harris 91.2 91.2 76 Ns
WOMAC: The Western Ontario and McMaster Universities Osteoarthritis Index; ISF:
in  situ ﬁxation; ns: not signiﬁcant.
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as 5.5% and about 85% reduction was achieved (initial angle 60◦,
ostoperative angle 9◦). These results are even more meaningful
ecause they were achieved in a multicenter study involving differ-
nt surgeons, while studies describing other reduction techniques
eported different results among centers [2–4,9,17,18,22,23].
This procedure was described initially by Compère in 1949 [19]
nd then by Lagrange and Rigault in 1965 [20], but had been gradu-
lly abandoned because of its high necrosis rate. It was readopted in
994 by certain French teams [14], but with signiﬁcant changes: an
steotomy is performed through the growth plate and the femoral
eck is shortened. The advantages of this method include reduction
f the displacement through the anterior Hueter approach, far away
rom circumﬂex vessels, without the need for trochanterotomy or
ip dislocation.
The modiﬁed Dunn procedure with hip dislocation has been the
ubject of multiple publications in the past years; the results have
een variable and the necrosis rate in stable cases is between 0 and
0% [2,3,22,23]. Uncertainty regarding the long-term outcome of
he joint cartilage after hip dislocation [4] and the large variability in
he results as a function of the experience of the surgical teams [23]
as limited the use of this procedure. In the current study, only one
odiﬁed Dunn procedure was carried out and necrosis eventually
ccurred in this patient. The current study also conﬁrms published
ata [14] on the high rate of necrosis after the lateral (original) Dunn
rocedure (25%), arguing in favor of abandoning this technique.
Radiological sings of FAI were found in 32 cases (34%) of sta-
le severe SCFE that were treated by ISF, while none of the patients
reated with the anterior Dunn procedure had this abnormal radio-
raphic ﬁnding.
After a 2-year follow-up, the WOMAC  score was  statistically
igher in the severe SCFE cases treated by the anterior Dunn tech-
ique than the ones treated by ISF. But the follow-up is not long
nough to determine the relationship between early radiological
igns of FAI and their functional repercussions.
.2. Unstable severe SCFE
The treatments proposed in the literature are controversial, both
n terms of the degree of urgency and the reduction technique
1,4,8,14,23–27]. Some cases of unstable severe SCFE can be com-
licated by vascular lesions, which occur at the moment of the slip
nd before any treatment is possible. In the current study, preoper-
tive MRI  exams revealed that 16 cases (17.4%) of unstable severe
CFE were under-perfused. This is an essential prognostic element
nd it seems indispensable for the patient to be fully informed. This
s consistent with results of other studies [4,8,27,28].
The reduction indication and the time frame in which to per-
orm it are still controversial because the published results are
ontradictory [1,4,8,14,22–27]. Published series have revealed vari-
ble results depending on the time elapsed between admission
nd treatment. Madan [2] and Sankar [22] found no effect of the
ime elapsed between the slip occurring and the surgical treatment.
owever, other authors [4,24–26,29,30] have stressed the impor-
ance of treatment, particularly reduction, being carried out within
4 hours of the slip occurring. They stress that the slipped epiph-
sis itself is responsible for the vascular compression and that the
piphyseal perfusion must be re-established urgently, but do not
rovide proof.
Since more than 95% of the patients in this study were operated
ore than 6 hours after admission, we cannot analyze the effect of
elayed treatment on the occurrence of necrosis. The availability of
 surgical team experienced in treating unstable severe SCFE and
he importance of evaluating epiphyseal perfusion by MRI  must be
alanced against delaying the treatment.
The current study shows that ISF treatment for unstable cases
contrary to stables cases) has an 11% necrosis rate. Similarly,: Surgery & Research 101 (2015) S275–S279
preoperative reduction with progressive traction and/or manipu-
lations under general anesthesia is the cause of necrosis in 21.7%
of cases, with 63% of the initial displacement being reduced. The
anterior Dunn procedure was  able to reduce the displacement by
76% with a 19.4% necrosis rate; if the cases of non-perfused SCFE
are excluded, this necrosis rate is 11.1%. This latter percentage is
directly related to the surgical technique. The results of the study
show that the preferred procedure is the anterior Dunn proce-
dure, given its ability to reduce the displacement and its necrosis
rate, which is comparable and even lower than that reported in
published studies where more complicated techniques were used
[2,22,23].
Radiological signs of FAI were found in 20 cases (21.7%) of unsta-
ble severe SCFE; most of them (80%) occurred following ISF or
preoperative reduction. Only 5% of these cases were attributed to
the anterior Dunn procedure.
After 2 years of follow-up, the functional scores appeared better
for cases of severe SCFE treated by osteotomy than those treated
with preoperative reduction.
5. Conclusion
This study shows that the treatment for severe SCFE must be
made with the goal of not only stopping the slip as quickly as
possible, but also correcting structural deformities in the proxi-
mal  femur. Anatomical reduction of slips of more than 45◦ seems
to be necessary to avoid the appearance of FAI. Although the risk
of necrosis cannot be ignored, it must not be the only element con-
sidered when selecting a treatment method for stable and unstable
severe SCFE.
By using the anterior Dunn procedure, it is possible to achieve
the reduction goal with a complication rate that is clearly lower
than that of other reduction techniques, namely the modiﬁed Dunn
procedure with hip dislocation that is currently in vogue. These
ﬁndings are even more meaningful because they are based on a
multicenter study.
This work allows us to outline a course of action that seems
optimal in cases of stable and unstable severe SCFE: traction to
relieve pain upon admission, MRI  to analyze epiphyseal perfusion
(for unstable cases) and anterior Dunn procedure as soon as an
experienced surgical team is available.
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